Introduction
The Cassini Earth swing-by (ESB) manoeuvre on August 18, 1999 provided an excellent opportunity to undertake an investigation of the Earth's magnetosphere by a spacecraft having an unusual and rapid trajectory through the system. Such flybys are relatively rare, previous opportunities having been afforded by those of the Giotto and Galileo spacecraft [e.g., Glassmeier et al., 1991; Kivelson et al., 1993; Reeves et al., 1993] . Cassini entered the magnetosphere near the subsolar point, and after a close planetary approach in the dusk local time sector flew down the geomagnetic tail, exiting on the northern dawn side at a geocentric distance of-67 RE. Such a trajectory provides an opportunity to investigate a range of phenomena, but in particular provides an almost unique cut through the geomagnetic tail. During the swing-by ,a program of ground-based observations by magnetometers and radars was put in place in order to form a broad-based geophysical context for the Cassini observations. In addition, the auroral imagers on the Polar spacecraft were requested to operate in support of the Cassini interval. Data were also requested from a host of other spacecraft, as well as from ground-based instruments which were running routinely. This magnetopause was determined using the technique described by Khan and Cowley [1999] . In this instance, since the spacecraft was located relatively close to the Earth-Sun line, the XvsM position of the spacecraft and the observed solar wind speed have been used to calculate the transit time of field changes between the spacecraft and the subsolar bow shock. Thereafter the technique employs a fourfold decrease of the solar wind speed at the shock, and a subsequent deceleration through the magnetosheath to an inflow speed of -20 km s '• at the subsolar magnetopause. This procedure
gives an average delay of-47.5 min, which has been included here in our analysis. In addition to the ACE spacecraft, magnetic field measurements at 3 s resolution from the Wind spacecraft [Lepping et al., 1995] are also used, as it passed through the magnetosheath into the magnetosphere on the dusk flank. The Wind spacecraft entered the magnetosphere at -0320 UT at a GSM position (-6.5,+20. Magnetic data from the eastern satellite, GOES-8, positioned at 75øW geographic longitude, are also used in this study. Geostationary orbit electron and proton fluxes (50 keV-1.6 MeV and 50 keV-50 MeV, respectively) were obtained from the Los Alamos National Laboratory (LANL) Synchronous Orbit Particle Analyzers (SOPA) on satellites 1989-046, 1994-084, and LANL-97A. However, only data from the first of these satellites is employed here, since the other two were located on the dayside, away from the particle injection region.
Ground Magnetometer Stations
A major feature of this paper is that we relate features observed in space to those on the ground. To this end, a large network of ground magnetometer stations have been used to set the Cassini tail data into a global context. During the flyby, data from four nightside magnetometer arrays have been investigated. From west to east these are the Canadian CANOPUS array [Rostoker et al., 1995] , the stations operated by the Geological Survey of Canada, the western high-latitude stations of the MACCS array [Engebretson et al., 1995] , and the Greenland west coast magnetometer chain [Wilhjelm and Friis-Christensen, 1976] . Data from a selection of these stations are presented in the following section. All the magnetic observations have been made using fluxgate magnetometers with sampling intervals between 5 s and 20 s, and data are presented in a common geographic coordinate system where X is northward, Y eastward, and Z vertically down. Other northern hemisphere magnetometer arrays, such [Tsyganenko, 1989] . The motivations for use of these particular Tsyganenko models will be described below.
SuperDARN Radar Measurements
Ionospheric convection velocities in this study were provided by the three pairs of northern hemisphere HF coherent radars, forming part of the international Super Dual Auroral Radar Network (SuperDARN) [Greenwald et al., 1995] . The data presentation in the subsequent sections uses the 'map-potential' technique developed by Ruohoniemi and Baker [1998] , where the 1-o-s velocities from each of the radars are combined and then fitted to an expansion of the electrostatic potential in spherical harmonic functions [e.g., Bristow et al., 1998 ]. From this the overall ionospheric convection pattern is generated, the solution being constrained by a statistical model keyed to the IMF conditions, in this case as measured by the ACE spacecraft. The order of the expansion can be specified in the procedure; in the absence of complete data coverage, higher orders generally require increased contributions from the statistical model to constrain the fitted solution. It is generally accepted that unless the data coverage is exceptionally high, a relatively low order of expansion is appropriate, which provides a good indication of the overall global convection pattern, if not the details [Ruohoniemi and Baker, 1998 ]. In this analysis an expansion of order 4 has been used, such that the derived electrostatic contours principally follow the character of the observed data in the region of coverage, rather than being strongly influenced by the statistical model. The map-potential technique also outputs several different types of velocity flow vectors, some of which are derived directly from the model, while others use information which are closer to the original observations. In this study, the 'true vectors' are presented, which are produced by combining the transverse component of the fitted velocity vectors (that is, the transverse velocity components obtained from the fitted convection pattern) with the measured 1-o-s velocity, thus allowing small-scale variations of the 1-o-s velocity to be recovered.
Polar UVI Data
Finally, to complete the ancillary data set, observations from the Ultraviolet Imager (UVI) instrument on the Polar spacecraft [Tort et al., 1995] were used to provide images of the aurora during the fly-by. UVI measures auroral emissions in the Lyman-Birge-Hopfield (LBH) system of bands, the result of electron impact excitation of N2, with filters LBH1 and LBHs, which are centered on 170 and 150nm, respectively. During the ESB only the LBH1 filter was employed, to maximize the time resolution. The integration period was 36 s. In the time frame of this study, -03-10 UT, the Polar spacecraft was increasing in altitude on the dawn side towards its apogee of 9 Re (-8 UT), such that UVI was able to image the entire northern auroral oval throughout the interval.
Substorm Interval
1:0345-0645 UT
Geophysical Conditions
We now employ the data obtained from the various ground and space-based instrumentation introduced above to describe the geophysical conditions prevailing during the Cassini tail passage, and begin with substorm interval 1 corresponding to 0345-0645 UT. Prior to this interval the magnetosphere had been moderately disturbed, with Kp= 4+ for the interval 0000-0300 UT, but examination of the ground magnetic records indicates that this disturbance had largely died away by the start of the interval considered here. We note for future reference that the Kp index for 0300-0600 UT was 5-.
0345 Figure 9a we show data for the 2-min interval starting at 0454 UT, which is representative of the radar data for the -20 min interval prior to substorm expansion phase onset (at 0511 UT). The solid lines show superposed equipotential streamlines, derived from the 'map-potential' algorithm discussed above. Well-developed flows were present on both the day and night sides, consistent with a twin-vortex flow of -60kV transpolar voltage, which we infer was driven predominantly by dayside reconnection at this time.
The lack of substantial nightside driving is indicated by the lack of significant magnetic disturbance during the interval, the lack of AKR emission, and the lack of nightside auroral features. Ground magnetic data are shown in In this section we now present the nightside magnetic field data observed during the first substorm by the Cassini and Wind spacecraft, and will interpret them in the light of the data outlined above. We will also refer to the Cassini particle observations reported in this issue, specifically to the plasma . Specifically, the Geotail data indicate that after onset, the plasma sheet at th•s location generally remains either stationary, or exhibits earthward "non-convective" (field-aligned) flows, due to reconnection tailward of that location. In the present case, the T89 footprint of the spacecraft was located well to the east of the initial break-up bulge, the latter extending eastward only to-2230 MLT initially, and only reaching near to the midnight meridian by -0520 UT (Figure 9b ).
In conformity with these observations, it is the former "stationary" plasma sheet scenario which is found to apply in this case, with only weak earthward-directed anisotropies being observed in the ion data after onset [Lagg et As indicated in the previous subsections, such behaviour is indeed seen in the ground magnetic and UVI data during the recovery phase, spreading eastward from the dusk sector, and arriving at the Cassini meridian at-0605UT. The consequence for the tail field structure will be an outward spreading of a "dipolarization" effect associated with closed flux pile-up and increasing Bz, a reduction in the earthward flow in the plasma sheet and in the sunward auroral zone flow in the ionosphere, and a tailward retreat of the reconnection region. Correspondingly, the Cassini field data in Figure 10a show that Bz started to increase at about -0605 UT, such that the latitude angle of the field increased from-5 ø at this time to -30 ø at and after-0615 UT. This change in field direction is also evident in the vector plot in Figure 10b We finally briefly discuss the Wind magnetic data, shown in Figure 11 in the same format as the Cassini data in Figure 10a . In this case the spacecraft was moving much more slowly into the southern region of the near-Earth tail from the dusk magnetosheath. The GSM X and Z coordinates of the spacecraft wece relatively unchanging at --8 RE and --4 RE, respectively, while Y declined from -19 RE to -16 RE during the interval. Wind thus provided information on conditions in the southern dusk plasma sheet which are complementary to the dawn side data from Cassini. However, previous results from Geotail indicate that in this case the spacecraft lay westward of the usual region of reconnection onset and plasmoid formation, the plasma sheet again usually remaining 'stationary' at and after expansion phase onset at this location [Nagai and Machida, 1998; Nagai et al., 1998 ].
Examination of the Wind field data in Figure 11 and plasma data (not shown) indicate that a magnetopause transition from the dusk flank magnetosheath to the tail boundary layer took place at -0320 UT, just prior to the interval shown here. After this, the spacecraft was located intermittently in the tail and its boundary layer up until after substorm onset, and it was only after -0530 UT that it was located consistently either in the tail lobe or the plasma sheet. Observations after this time show that the spacecraft was initially located in the southern tail lobe, where the -35 nT field was flared away from the tail axis such that Bz was small or negative. However, starting at -0545 UT, and continuing Figure 13b) . Similarly, Figure 16 shows that a further increase of the geostationary Bz field was observed during this interval by GOES-10 at-2300MLT, while GOES-8 in the morning sector at -0300 MLT now also observed a gradual but pronounced dipolarization, with Bz increasing and Bx decreasing during the interval. A further undispersed ion injection (without electrons) was also observed by spacecraft 1989-046 located at -2100 MLT. After -0800 UT the expanded auroras again started to fade, and with them the lower latitude magnetic disturbance also started to recover. These data again show that although the intensification resulted in the disturbance expanding into the morning sector, to -0200 MLT at -70 ø and to---0300 MLT at geostationary latitudes, it still did not reach to Cassini field lines at -73 ø and---0400 MLT. 0810-0900 UT: Substorm 2 -Recovery. As in the first interval studied here, after initial expansion phase onset, development, and intensification, this substorm also exhibited a well-defined 'recovery' period in which intense disturbances were observed at higher latitudes, up to -78 ø (Figures 13-15) . However, the sharpness of the onset of these disturbances at -0810 UT might qualify them to be better described as the onset of a new intensification leading to recovery, rather than 'recovery' of the overall disturbance itself. Indeed, the AKR index data in Figure 13b Looking in more detail at the 'recovery-phase' data, we note again that high-latitude disturbances began at -0810 UT, shortly after recovery began at geostationary latitudes. in conformity with the latter recovery, no substorm-related effects were observed at either of the GOES spacecraft, or at 1989-046, after this time (Figure 16 ). Bay (and Pi2-band signal) onsets were observed at -0810 UT at stations CON (73 ø) and CBB (77 ø) on the latitude chain (Figure 13a Sporadic magnetic disturbances were then observed over the next-50 min, extending down from-78 ø to---65 ø, before (temporarily) reducing to small values at all stations at -0900 UT (E2). Of particular interest here, however, is the fact that an onset at station IQA, near the Cassini footprint, was finally observed at -0840 UT at -0500 MLT. though still not extending to station ATU at this latitude at -0630 MLT.
The disturbance at IQA had two -200 nT peaks, the first at -0850, the second at -0910 UT (after E2), before recovering to smaller values after -0920 UT (Figure 15 ). We thus infer that the substorm disturbance finally reached the dawn flank tail very late in the substorm, after-0840 UT. In Figure 17b we show UVI and SuperDARN data corresponding to this period, specifically the UVI data for the 36 s interval beginning at 0854:01 UT, and the SuperDARN data for the 2-min interval beginning at 0854 UT. No emissions can be seen in the UVI data at high latitudes in the morning sector which might correspond with the disturbances recorded by the ground magnetometers in this region. Rather, the main Although the overall trend of the field at Cassini was toward increasing strengths during this interval, the field also exhibited moderate variability, indicative of the presence of currents in the plasma. The particle data confirm that the spacecraft remained within the dawn plasma sheet for almost the whole growth phase interval, though with strongly declining flux levels following the recovery phase enhancement at the end of the first substorm [ which is significantly greater than can be accounted for by the outward motion of the spacecraft, as indicated by the superposed T89 model field (for Kp = 4). We thus infer that a substantial net amount of open flux was reconnected during this interval and transported towards the Earth. As in the first substorm, this behavior appears to have been triggered by a reduction in the magnitude of negative IMF Bz, though in this case the field remained typically negative during the recovery interval but with a lesser magnitude than during the expansion phase. It also again coincided with the onset of high-latitude disturbances observed in the ground-based magnetometer data. As the Bx field at Cassini declined, the Bz field increased from initially small negative values, becoming positive once more after -0830 UT, and then more strongly positive after-0850 UT, such that the field latitude had increased once more to -15 ø by 0900 UT. We note that this increase in field latitude coincided approximately with the first appearance of substorm-related magnetic disturbances near the footprint of the Cassini field line in the high-latitude morning sector. These first appeared at -0840 UT, and were present until -0900 UT (the first 'bay' at station IQA observed in Figure 15 ). The changing field direction at the spacecraft may then relate to flux pile-up in the underlying plasma sheet and tailward retreat of the dawn reconnection region, as suggested for the first substorm studied here.
Shortly after the onset of these field changes, however, the spacecraft made a transition through the magnetopause into the magnetosheath at -0905 UT, returning to the tail once more at -0914 UT. It is therefore difficult to be sure which changes in the field were due to substorm dynamics, and which to boundary layer dynamics. It seems likely, however, that the magnetopause crossing itself was substorm-related. The Cassini data show that the entry into the magnetosheath immediately followed a continuous -50 min interval of tail field deflation during the recovery phase, while the groundbased data suggest the onset of reconnection in this sector of the tail -15 min prior to the crossing. It thus seems reasonable to suggest that the magnetopause crossing (at a down-tail distance of-47 RE) was caused by a decreasing tail radius caused by the reconnection of lobe flux. After re-entry into the tail, the field strength remained relatively steady in the lobe, and even increased again before the final magnetopause encounter at -1047 UT (not shown). The temporary nature of the magnetosheath encounter may then have been due to the cessation of rapid tail reconnection at the end of 'substorm 2', combined with further episodes of open flux production at the magnetopause and buildup of the tail lobe flux (noting the sporadic appearance of strong negative IMF Bz at around this time).
Discussion
The extensive range of monitoring data presented above Such an expansion seems inescapable given the fact that pressure balance must be approximately maintained across the tail, implying in particular an approximately uniform field in the tail lobes. Consequently, the magnetic pressure must drop throughout the lobe, and hence the "inactive" plasma sheet on the flanks will expand outward as shown. If a spacecraft lies within the "inactive" plasma sheet at onset, therefore, a decrease in the pressure will be observed, as was the case during the first substorm studied here. If on the other hand the spacecraft lies just outside the dawn plasma sheet, as in the second substorm, then it will observe a plasma sheet expansion across it, as in the second substorm, though one which is not associated with local heating of the plasma.
After the first -15-20 min of the expansion phase, when the initial auroral disturbance had started to fade somewhat, an impulsive intensification took place in both substorms.
Imager data of the auroral intensification are not available during the first substorm, but during the second the intensification was initiated locally and centrally within the already disturbed region, at -2200 MLT and at neargeostationary latitudes. An expansion then took place, which rapidly (over -5 min) extended the intensified auroral region modestly in latitude, up to -70 ø , but principally in longitude, now to cover an expanded -6hour MLT region from postdusk to postmidnight. Corresponding intensifications or onsets were observed in the ground magnetometer data, with regard both to magnetic bays and Pi2-band signals. Further energetic particle injection and field dipolarization were also observed at geostationary orbit, now also extending into the morning sector. After the initial expansion had taken place into the early morning sector, a major but slower expansion also occurred towards the dusk sector. This was much more fully developed in the first substorm than in the second, and in the former case resulted in the dusk auroras reaching to -1700MLT and -78 ø over a further-20m in interval.
Toward the end of this interval (i.e. about -20 min after the onset of the intensification) the auroras in the midnight sector began to fade (while those at dusk remained active during the first substorm). This signalled the onset of 'recovery' in the midnight sector in both auroral and magnetic disturbance at conventional "auroral zone" latitudes (roughly 62ø-70ø). Physically, the processes at work during the intensification appear to represent a rerun of those occurring at onset, but now involving an expanded region in local time. In particular, the region of auroral and magnetic disturbance expanded quickly into the postmidnight sector, at least on near-geostationary field lines. We thus infer a corresponding eastward expansion in the reconnection region across the tail. During the first substorm, but not in the second, this expansion was sufficient to bring the disturbance into the Cassini local time sector, though the spacecraft footprint remained just poleward of the region of bright UV auroras. Correspondingly, in the first substorm Cassini promptly observed the signatures of hot earthward-flowing plasma in the plasma sheet together with highly variable fields, which we infer were related to the onset of reconnection tailward of the spacecraft (then located -18 Re down-tail). We further infer that it was this inflow that powered the substorm expansion phase phenomena which were present closer to the Earth (i.e., at lower latitudes). In the second substorm, the At the end of the expansion phases discussed above, the substorm UV auroras extended from higher latitudes at dusk to lower latitudes post-midnight, and the latter had started to fade in concert with a recovery of the lower-latitude bays near midnight. This therefore represented the onset of the conventional auroral zone "recovery" phase, and in the substorms studied here it approximately coincided with a turn in the IMF direction from strongly southward, to Bz values nearer to zero. However, this was merely the prelude to an extended -40-50 min interval of significant nightside activity at higher latitudes, between -70 ø and -80 ø, as seems often to be the case [e.g., Cogget and Elphinstone, 1992]. In the first substorm this activity appeared to develop eastward from the high-latitude intrusion of the substorm bulge into the dusk sector, reaching the Cassini footprint in the dawn sector at -0200 MLT about 10 rain after the start of the recovery phase. In the second substorm a delay of-30 min occurred between the onset of high-latitude disturbances in the midnight sector at the start of 'recovery', and their appearance at the Cassini footprint at -0430 MLT. In these cases the timings have been determined from ground magnetic data, because there are no consistently corresponding high latitude auroral features present in the UVI data. This suggests that the disturbances were associated with less intense precipitation of electrons of overall lower energy than in the earlier phases of the substorm. These observations thus emphasise the importance of the continuing direction of the IMF to the course of the substorm expansion phase. In both these substorms IMF Bz was strongly negative for a -30 min interval following expansion onset, suggesting continuing magnetospheric 2driving" by open flux production at the magnetopause, as also seen in the strong dayside flows present in the SuperDARN radar data. In both cases there is evidence that a quasi-equilibrium was formed during these intervals between reconnection on the dayside transferring open flux to the tail lobes, and near-Earth tail reconnection transferring closed flux back to the dayside. During the first substorm, for example, the earthward flow of the plasma sheet observed after the intensification persisted for an interval of-40 min, well into the start of the recovery phase, without producing any evidence for local "dipolarization" of the field. In the second substorm, the lobe field strength observed after -30 min of expansion phase had hardly changed from that observed at the end of the growth phase. The auroral zone "recovery" phase described above then began about -10 min after a turn towards smaller and positive IMF Bz values. With this reduction in negative IMF Bz, and hence dayside reconnection, the tail reconnection rate then appears to have exceeded the dayside rate for the first time. Earthward flow continued on tail-like fields within the plasma sheet for -15 min during this interval in the first substorm, with corresponding "return" flows being observed in the nightside ionosphere by SuperDARN. However, "dipolarization" of the plasma sheet (declining Bx and increasing Bz) at-20-40Re distances then followed, simultaneous reduction in the plasma sheet and ionospheric "return" flow, inferred tailward retreat of the reconnection region, and simultaneous poleward motion of the nightside ground-based disturbance. Just after the end of the second substorm the spacecraft also made a brief transit through the magnetopause into the magnetosheath, which we suggest was directly related to the recovery-phase deflation of the tail diameter. After the spacecraft re-entered the tail, after a interval of -10 min, the field strength remained relatively steady with a significant positive Bz, suggesting that open flux destruction had by then ceased.
Summary
The principal observations and conclusions reached from our study of the data acquired during the outbound Cassini traversal of the tail are as follows.
1. Cassini and geostationary spacecraft data show that taillike fields associated with a thin equatorial current sheet extend inward close to the Earth during the growth phase. Cassini was first immersed in a relatively steady dominant sunward directed field at a downtail distance of-9.3 RE, at a position which was only -0.7 Re above the GSM equatorial plane.
2.. Features observed during the growth phase of two substorms are entirely consistent with a system driven principally by the production of open flux at the magnetopause and its transport into the tail. Typical growth phase features were observed by Cassini in the dawn sector of the tail, namely enhancement of the tail field strength, and rapid plasma sheet thinning over -10 min prior to expansion phase onset in the premidnight sector. The thinning appears to have been arrested and reversed in the dawn sector promptly after expansion phase onset.
3. Although Cassini was located eastward of the 'active' sector of the plasma sheet at expansion phase onset in both substorms, rapid responses in field and plasma were nevertheless observed. In the first substorm, when the spacecraft was located within the plasma sheet at -15 Re down-tail, the growth phase decline in particle fluxes was first halted and then reversed, while the magnetic pressure dropped rapidly by a factor of-2. In the second substorm, when the spacecraft at -34 Re down-tail had just emerged from the plasma sheet into the tail lobe at the end of the growth phase, the plasma sheet promptly expanded across it once more, though without evidence of plasma heating. We suggest that these effects resulted from the onset of rapid reconnection in the adjacent dusk sector of the tail, which deflated the tail lobe pressure, and caused an expansion of the flanking plasma sheet. Related short-term (-10 min) flow reduction effects were observed in the nightside dawn flo•v cell in the nearconjugate ionosphere.
4. An intensification which carded the substorm-disturbed region eastward into the local time sector of Cassini during the first substorm resulted in the simultaneous appearance of earthward-flowing plasma and a disturbed magnetic field at -18 Re. We infer this to have been due to the eastward expansion of the tail reconnection region into the dawn sector, tailward of the spacecraft. The field at the spacecraft remained "taillike" during this interval, however, with a footprint that was located just poleward of the bright UV auroras. We infer that this flow powered the bright auroral emission and dipolarization phenomena that occurred closer to the Earth, in the near-geostationary environment. A similar intensification during the second substorm did not reach the local time of the Cassini footprint in the dawn sector, and no related effects were observed locally in the plasma sheet. 5. Ionospheric flows within the substorm auroral bulge became semi-stagnant throughout the expansion phase. We infer that this was due to the high electrical conductivity of the bulge ionosphere compared with the surrounding region. The surrounding flow generally remained vigorous, however, and deflected around the semi-stagnant region (with the exception of the effect noted under observation 3 above). We infer that the latter flow was driven principally by flux closure in the tail, and was observed to occur essentially independently of concurrent IMF conditions. When IMF Bz was southward, strong flows in the dawn cell were observed both in the early morning sector (outside the bulge) and near noon, with a minimum between, near dawn. This suggests the presence of two separately driven parts to the flow cell, one associated with tail reconnection during the substorm the other with magnetopause reconnection associated with the direction of the IMF. 6. IMF Bz was strongly negative for-30 min during the expansion phases of both substorms, such that substantial driving was taking place from the solar wind during these intervals. The Cassini observations suggest that a quasiequilibrium was formed during this period between open flux production at the magnetopause and transfer to the tail, and open flux closure through near-Earth tail reconnection. In particular, in the first substorm, earthward flow was observed in the dawn plasma sheet following the above intensification for -40 min without producing local dipolarization of the field. In the second substorm, the lobe field strength after -30 min of expansion phase was observed to be essentially unchanged compared with that observed at the end of the growth phase.
7. The recovery phase of both substorms began -10 min after a northward turning of the IMF to an extended interval of near-zero IMF Bz values. Taken together with observation 6 above, these observations thus emphasise the importance to the progress of substorm disturbances of the IMF behaviour which happens to follow expansion phase onset. In the present case of continuous solar wind driving during expansion, the principal interval of net closure of open flux occurred during 'recovery', after the IMF had turned to become nearer zero. The tail reconnection rate then appears to have exceeded the dayside rate, leading to magnetospheric and ionospheric flows which were driven principally by open flux closure in the tail.
In the first substorm these flows continued for-15 min before "depolarization" occurred in the near-Earth (-25 Re) tail. This was associated with a simultaneous reduction in the earthward plasma sheet flow, and that in the near-conjugate ionosphere, inferred tailward retreat of the reconnection region, and the contraction of the ground-based magnetic disturbance to high latitudes. In the second substorm, Cassini was located in the tail lobe during recovery rather than in the plasma sheet, and observed a monotonic decline in the field strength, culminating in a brief exit from the deflated tail lobe into the magnetosheath at the end of the substorm.
